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Field objects

An abbreviated version of the scalar field definition:

type s c a l a r _ f i e l d
! ! F i e l d value a t po in ts .
real , dimension ( : ) , pointer : : va l
! ! Flag f o r whether va l i s a l l o ca te d
log ica l : : wrapped =. t r u e .
type ( sca la r_boundary_cond i t ion ) , dimension ( : ) , pointer : : &

boundary_condi t ion => n u l l ( )
character ( len=FIELD_NAME_LEN) : : name=" "
! ! path to op t ions i n the op t ions t r e e
character ( len=OPTION_PATH_LEN) : : op t ion_path=" "
type ( mesh_type ) : : mesh
! ! Reference count f o r f i e l d
type ( re fcoun t_ type ) , pointer : : r e f coun t=> n u l l ( )
! ! I n d i c a t o r f o r whether t h i s i s an a l i a s to another f i e l d .
log ica l : : a l i ased =. f a l s e .

end type s c a l a r _ f i e l d

Note that for most purposes fields are opaque types.
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Field methods

use f i e l d s
type ( s c a l a r _ f i e l d ) : : temperature
type ( mesh_type ) : : model_mesh
real , dimension ( : ) , pointer : : t _ e l e

c a l l a l locate ( temperature , model_mesh )
! Set the whole f i e l d to 0.0
c a l l zero ( temperature )
! Find the nodes o f the t h i r d element .
t _ e l e =>ele_nodes ( temperature , 3)
! Values a t nodes o f t h i r d element :
pr in t ∗ , e l e_va l ( temperature , 3)
! Values a t quadrature po in ts i n t h i r d element :
pr in t ∗ , e le_val_at_quad ( temperature , 3)
! Number o f nodes i n t h i r d element :
pr in t ∗ , e l e_ loc ( temperature , 3 )
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Mesh objects

Many fields can share one mesh if they have the same finite
element space.

type mesh_type
! ! < Mesh i n fo rm a t i o n f o r (among o ther th ings ) f i e l d s .
integer , dimension ( : ) , pointer : : ndglno
! ! Flag f o r whether ndglno i s a l l o ca te d
log ica l : : wrapped =. t r u e .
type ( element_type ) , pointer : : shape
integer : : elements ! Number o f elements
integer : : nodes ! Number o f nodes
character ( len=FIELD_NAME_LEN) : : name
! Degree o f c o n t i n u i t y o f the f i e l d . 0 i s f o r the conven t iona l
! C0 d i s c r e t i s a t i o n . −1 f o r DG.
integer : : c o n t i n u i t y =0
! Mesh face i n fo rm a t i o n when needed ( eg DG) .
type ( mesh_faces ) , pointer : : faces=> n u l l ( )

end type mesh_type
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Element shape functions

type element_type
integer : : dim ! ! 2d or 3d?
integer : : l oc ! ! Number o f nodes .
integer : : ng i ! ! Number o f gauss po in ts .
integer : : degree ! ! Polynomial degree o f element .
! ! Shape fu n c t i o n s : n i s f o r the p r i m i t i v e func t i on ,
! ! dn i s f o r p a r t i a l d e r i v a t i v e s .
! ! n i s l oc x ngi , dn i s l oc x ng i x dim
real , pointer : : n ( : , : ) = > n u l l ( ) , dn ( : , : , : ) = > n u l l ( )
! ! Polynomials d e f i n i n g shape fu n c t i o n s and t h e i r d e r i v a t i v e s .
type ( po lynomia l ) , dimension ( : , : ) , pointer : : spo ly=> n u l l ( ) , &

& dspoly=> n u l l ( )
! ! L ink back to the node numbering used f o r t h i s element .
type ( ele_numbering_type ) , pointer : : numbering=> n u l l ( )
! ! L ink back to the quadrature used f o r t h i s element .
type ( quadrature_type ) , pointer : : quadrature=> n u l l ( )

end type element_type
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Making quadrature and elements

type ( quadrature_type ) : : quad
type ( element_type ) : : shape

! Make a t r i a n g u l a r element .
quad=make_quadrature ( l oc =3 , dimension =2 , degree=3)

shape=make_element_shape ( l oc =3 , dimension =2 , degree=1 , quad=quad )

! Quadrature and elements are dynamica l ly s ized and must be
! dea l loca ted when no longer needed .
c a l l deallocate ( quad )
c a l l deallocate ( shape )
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State objects

A state object stores fields and meshes by name:

use state_module
use f i e l d s

type ( v e c t o r _ f i e l d ) : : posit ion
type ( s c a l a r _ f i e l d ) : : temperature
type ( t e n s o r _ f i e l d ) : : t e m p _ d i f f u s i v i t y

type ( s ta te_ type ) : : s t a te

c a l l i n s e r t ( s ta te , position , ’ Coordinate ’ )
c a l l i n s e r t ( s ta te , temperature , ’ Temperature ’ )
c a l l i n s e r t ( s ta te , t e m p _ d i f f u s i v i t y , ’ Tempera tu reD i f fus i v i t y ’ )
c a l l i n s e r t ( s ta te , posit ion%mesh , ’ Coordinate Mesh ’ )

Any number of fields can be stored in this way.
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State objects

Retrieval functions from state objects return pointers not
copies:

subroutine s ta te_ope ra t i on ( s ta te )
use state_module
use f i e l d s
type ( s c a l a r _ f i e l d ) , pointer : : temperature
type ( t e n s o r _ f i e l d ) , pointer : : t e m p _ d i f f u s i v i t y
type ( mesh_type ) , pointer : : X_mesh
integer : : sta t

temperature=> e x t r a c t _ s c a l a r _ f i e l d ( s ta te , ’ Temperature ’ , &
& sta t=sta t )

! I f no temperature then do noth ing .
i f ( sta t /=0 ) return
. . .

end subroutine s ta te_ope ra t i on
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An equation!

∇
2ψ = f(x)

on some domain Ω with boundary condition ∇ψ · n = 0.
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An equation!

∇
2ψ = f(x)

on some domain Ω with boundary condition ∇ψ · n = 0.

Multiply by a test function and integrate:
∫

Ω

N∇
2ψdV =

∫
Ω

Nf(x)dV
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A test case

As a simple test case we take:

f(x, y) = −4.0π2dim

dim∏
i=1

cos(2πxi)

Which has analytic solution:

Ψ(x, y) =
dim∏
i=1

cos(2πxi) + C

for an arbitrary constant C.
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Go read some source
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1D results
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2D results
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3D results
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Error for h and p refinement
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Error against degrees of freedom. Solid lines link results on
the same mesh, broken lines link results with the same
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